INTRODUCTION
Among different energy storage technologies, electrochemical capacitors have, especially, shown great potential in recent years to meet the short-term power needs and energy demands. They are mainly classified into two broad categories known as electrical double-layer capacitors and pseudocapacitors, based on their charge-storage mechanism. Pseudocapacitors store electrical energy through reversible faradaic redox reactions in which the oxidation state of the electro-active material utilized in electrodes changes during electron transfer. In theory, their capacitive ability is expected to be much higher than that of the double-layer capacitors in which the capacitance arises from electrostatic charge separation at the interface between a conductive electrode and an adjacent liquid electrolyte.
Many metal oxides exhibit pseudocapacitive behavior over small ranges of potential that results in Faradaic charge transfer across the double-layer leading to electrochemical processes involving happens [1] .
Chemical and structural reversibility of reactions occurring in the charge/discharge process, high electrical conductivity, high surface area, and both electron and proton hopping in the oxide lattice are the main inevitabilities for the employment of metal oxides as electro-active material for pseudocapacitor applications. Ruthenium dioxide, RuO 2 , exhibits a metallic electronic conductivity and significant pseudocapacitive behavior, with the highest reported specific capacitance (ca. 850 F g -1 ) which is fairly constant over a relatively wide potential range making it as a superior material for supercapacitor applications. However the use of RuO 2 has mainly been limited to small-scale devices since it is prohibitively expensive for large scale applications [2] . In search for less expensive alternatives to RuO 2, other metal oxides such as manganese oxides, nickel oxides, cobalt oxides, vanadium oxides and iron oxides have been explored over the past decade [3] [4] [5] [6] [7] . Although these compounds have shown promise as electrode materials and various synthesis methods have been used to produce them with different morphologies and pore characteristics, as yet, commercialization of metal oxide based supercapacitors has been mired, since the electrical conductivity of the alternative metal oxides is drastically lower than that of RuO 2 .
As the purpose of a supercapacitor is to store energy and release it quickly in a controlled manner with a high power capability and very high degree of reversibility (lifetimes in excess of 10 6 cycles), the utilization of a highly conductive pseudocapacitive metal oxide as electrode material with optimized structural and surface properties that enables fast redox reactions through shortened diffusion path in solid phase is vital. supercapacitors, but also from the scientific point of view.
Theory of contact angle and surface energy measurements
When a liquid is in contact with a solid there is a force of attraction between molecules of a liquid balanced in all directions within the liquid itself, except at its interface with the solid surface where attractive and repulsive forces exist between molecules of liquid and the solid surface in contact with them. The net effect of this imbalanced force creates the presence of free energy at the surface of a liquid. This net energy is the surface free energy [8] .
Contact angle is the angle formed by a liquid at the three phase boundary where a liquid, solid and gas intersect. Figure 1 shows a schematic diagram of the contact angle at solid-liquid-vapor interface. [11, 12] . The total surface energy is therefore the sum of these two components [13] . double mean geometrical value of acid ( ) and base ( ) interactions as follow [13, 14] Contact angle and surface energy measurements provide information on the wettability of surfaces and determine whether a liquid droplet sticks /or is removed from a surface or it spreads or remain at the point of contact.
EXPERIMENTAL

Film Deposition
The deposition of thin films on glass substrates were carried out in a cryo-pumped vacuum chamber (CVC) magnetron sputtering unit using pure solid silver target as the starting material with high purity argon and oxygen as sputtering and reactive gases, respectively. Depositions were performed at different oxygen flow rates ranging between 0 to 10 standard cubic centimeters per minute (sccm) and different forward deposition powers in the range of 100 to 400W. Prior to the deposition, the substrates were cleaned ultrasonically in iso-propanol and then washed with deionized water and the deposition chamber was evacuated to the pressure of about 8µTorr. All samples were deposited at a base pressure of 2.5mTorr. Depositions were performed at deposition times of 2 and 5 minutes with a reflective power less than 5% of the forward power during the deposition.
Contact angle measurements
Contact angle and surface energy measurements were performed with a fully computer controlled goniometer system (KSV CAM 200) based on video capture of images and automatic image analysis using CAM software. Static contact angles and surface free energies were measured using water, ethylene glycol and diiodomethane as the probing liquids with accuracy of ± 0.1 degree and ± 0.01 mJ/m 2 respectively.
RESULTS AND DISCUSSION
SEM and EDX results
The silver and silver oxides thin films were deposited on the glass substrate at zero and higher oxygen flow rates in the range of 2 to 10sccm respectively. The surface morphology of the deposited thin films was investigated by scanning electron microscope (SEM). silver oxide with different oxidation states at higher oxygen flow rates. It was noticed that here is a three-fold increase in the film thickness as the deposition time is increased from 2 to 5 min.
The SEM micrographs (topographical view) of the silver and silver oxide films deposited under different deposition power and oxygen flowrates shown in Figure 3 indicate a mixed morphology composed of compact nanostructure and lamellae with aggregate particulate structure having porous and compact surfaces [15] [16] [17] .
Images A, B, C, and D in the Figure 3 for the films obtained with the same oxygen flow rates but different power show a correlation between the power and layer structure. It can be seen that the film deposited at higher deposition powers possess denser columnar structures compared to the films prepared at lower deposition powers. The energy dispersive X-ray (EDX) analysis was also used as an attachment to the electron microscope (SEM) analysis to analyze the chemical components of the films. The method detects the X-ray produced as a result of the interaction of the electron beam with the sample. Figure 4 shows typical EDX spectra of thin films deposited under different conditions. The XRD spectra of films deposited when oxygen was introduced to the chamber in Figure 6 show the development of a bi-phase system indicating that the films are comprised of both silver and silver oxide at its different oxidation states. The XRD spectra of silver oxides deposited at 100 W under 2 and 10 sccm oxygen show only a [25] . The Ag 2 O phase possesses a simple cubic structure with a lattice parameter of 0.4728nm at room temperature [26] . The intensity of the Ag 2 O peaks also increases at higher oxygen flow rates and higher deposition powers as shown in Figures 6A and 6B [24] . Good surface wettability by a liquid requires both appropriate surface roughness and surface energy. For a liquid to effectively wet a surface the surface energy of the wetting liquid must be as low as or lower than the surface energy of the substrate to be bonded or, the surface energy of the substrate must be raised. The wettability of a surface is determined by the outermost chemical groups of the solid. Differences in wettability between surfaces that are similar in structure are 13 mainly due to differences in packing of the atoms. In the case of silver oxide thin films change in the oxidation state of the films, changes their affinity toward the probe liquids. It can be noticed that increasing oxygen flow rate increases the wettability of the films toward water further, as a result of change in the electronic properties of the surface due to the increase in the oxidation state of the films. This is because of clustering of electrons in polar molecules of water around the oxides at a higher oxidation state. The results show that the effect of electronic structure of the films'
Analysis of the XRD patterns shown in
Contact Angle and Surface Energy Measurements
surfaces on their wettability with the probing liquid is more dominant than the effect of their surface morphology. As discussed by SEM micrographs before, higher oxygen flow rates result in smooth and dense films expected to decrease their wettability with water, however due to their improved electronic properties, films obtained at higher oxygen flow rates show better wettability toward water.
Different characteristics of the film surfaces will affect their physical and chemical interactions with the liquid electrolyte that will probably be reflected in their bonding strengths. The surface property most frequently correlated with this adhesion is surface-free energy, a measure of the capacity of a surface to interact spontaneously with other materials by forming new bonds, often expressed as the related parameter, surface tension (), which is a measure of surface wettability [30, 31] . The surface energy is defined as the adhesion work necessary to separate solid -liquid surfaces beyond the range of the forces holding them together given as energy per unit area. It is quantitatively determined from the interactions between the surface of thin films deposited under different sputtering conditions and a series of probe liquids of different interfacial properties. Table 3 shows various components of surface energy of the silver oxide films evaluated using the Fowkes, Wu and Acid/ Base methods. The total surface energy (γ tot ) of deposited films and the probe liquids depends on the interfacial intermolecular forces and is considered to be the sum of dispersive interactions (van der Waals) and polar interactions.
The quantitative determination of the various components of surface energy would allow selection of appropriate film/liquid pairs with a superior wetting behavior. As shown in Table 3 in all the surface energy measurements taken, the predominant term is the dispersive term (γ d ) and the values of the polar component (γ p ) of the surface energies of the silver oxide thin films are small compared to the dispersive components of the surface energy. Figure 7 shows the contribution of these different interactions to the total surface energy of the films obtained by Fowkes method. It can be noticed that the dispersive components of the surface energy become even more predominant when the silver oxide thin films are deposited at higher oxygen flow rates. This explains the good interaction/wettability of the water on the films deposited at higher oxygen flow rates. The results are in good agreement with the resulting low contact angles for the films deposited at higher O 2 flow rates showing that the stoichiometry of the surface determined by the interaction of oxygen and silver is a determining factor in the surface energy of the films.
CONCLUSIONS
Silver oxide thin films have been deposited by magnetron sputtering technique using argon and oxygen as the sputtering and reactive gas respectively. The films were characterised by SEM, EDX, XRD and contact angle measurements (goniometry) to investigate the effects of the sputtering conditions on their morphology, stability, growth rate, and wettability with different probing liquids as promising electrode materials for supercapacitor applications. The SEM micrographs of the films showed that the average thickness of the films can be controlled in the range of 50 -330 nm by controlling the deposition conditions. The thickness of the silver oxide films increased with increase in the deposition power. There is a decrease in the thickness of the films with increase in O 2 flow rate. It is shown that films with smooth surface and compact structure can be obtained at higher deposition powers and higher O 2 flow rates. The XRD results showed that the oxidation state of thin films can be controlled when varying the oxygen flow rate. Ag 2 O oxide phase becomes the dominant phase at higher oxygen flow rates and higher deposition powers. The results obtained through contact angle and surface energy measurements also revealed that films with better wettability toward water can be produced at higher oxygen flow rates.
ACKNOWLEDGMENT
We are grateful to COST action MP1106 for supporting this work and providing opportunities for fruitful discussions during its meetings.
